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Northwestern State University, Natchitoches LA Our long-term objective is to understand and model the motility of T. brucei. Obtaining high quality images of T. brucei that allow one to differentiate between cell body movement and flagallar movement is difficult with T. brucei because the flagellum is attached along the cell body. Currently, our approach is to tether T. brucei onto a microscope friendly surface. The contributions to the ISIS proceedings summarize our progress to date. Specifically, we look at the adhesion density of T. brucei to numerous microscope friendly surfaces and at the optimum adhesion conditions for T. brucei.
MODELING MOTILE CELLS REQUIRES IMAGING MOTILE CELLS
Generally speaking, two approaches are being used to model the motility of flagellated organisms. The first modeling approach begins with the fundamental components of a flagellum. The much cited, geometric clutch model proposed by Lindemann began with the fundamental components of "9+2" axoneme and was used to describe the beating of cilia and flagella [1] [2] [3] . Moreover, the model has been modified to describe multiple aspects of boar sperm motility [4] . Other researchers are taking using fundamental components to build models that describe the motility of organisms. In contrast, the second modeling approach uses both static and dynamic images of the flagellum as the initial parameters. For instance, Gueron and Liron used images of the beat pattern of a cilium of a Paramecium to calculate the parameters of an internal engine that depends only upon the geometry of the cilium [5] . Obviously the two approaches are complimentary and not mutually exclusive. Ultimately, any model that describes the motility of an organism must be compared with the actual motility of the organism. Most often this comparison is accomplished by imaging the organism as it moves. For these reasons, imaging motile cells is important.
AN ORGANISM OF INTEREST: TRYPANOSOMA BRUCEI
In our case, we are interested in the unicellular flagellated parasite, Trypanosoma brucei. T. brucei is the causative agent for African Sleeping Sickness, which threatens approximately 60 million individuals in sub Saharan Africa. [6] Although the flagellum is a highly conserved structure, the attachment of the flagellum to the cell body of T. brucei is significantly different than other commonly modeled flagellated organisms. Unlike other flagellated cells, the flagellum of T. brucei is attached along the length of the cell body. [7] Furthermore, the flagellum of T. brucei is attached in a left-handed helix as it extends from the posterior to the anterior of the cell body. [7] Parallel to the axoneme and the cell body is a highly organized lattice-like structure called the paraflagallar rod. The axoneme is attached to the paraflagallar rod through the outer doublets four through seven. In turn, the paraflagallar rod and axomeme structure is attached to the cell body through the flagallar adhesion zone.
The unique architecture of T. brucei has several consequences. Since the flagellum is attached in a helical pattern to the cell body, the flagellum naturally moves in a three dimensional pattern. [7, 8] Furthermore, T. brucei uses it's flagellum to pull itself through a medium; whereas other commonly modeled flagellated organisms use their flagellum to push themselves through a medium. [8] Finally, distinguishing between movement and cell body movement is more difficult with T. brucei since the flagellum is attached along the length of the cell body.
The unique architecture of T. brucei requires novel approaches to understanding and modeling its motility, which in turn requires new imaging strategies. Currently, our strategy is to tether T. brucei onto microscope friendly surfaces. In these conference proceedings, we communicate the optimum conditions for immobilizing log phase T. brucei onto several different chemically distinct chemical surfaces. Furthermore, we compare the adhesion density of T. brucei on several chemically distinct chemical surfaces.
METHODOLOGY
All chemicals were purchased from Sigma-Aldrich unless otherwise stated. Two of the four surfaces are commercially available. (Sigma-Aldrich sells the Silane Prep microscope slides while Electron Microscopy Sciences sells the poly-L-lysine microscope slides.) The other two surfaces, Sigma-cote and acid washed, are simple to prepare. For the Sigma-cote, a 15-minute incubation in fresh Sigma-Cote, followed by a thorough rinsing, produces slides with consistent hydrophobicity (as measured by contact angle meter). The acid washed slides are prepared by incubating slides in chromic acid for 24 hours followed by ample rinsing.
Briefly, tethering is accomplished by first determining the concentration (and hence growth phase) of T. brucei using a hemocytometer. The appropriate volume of log phase cells is centrifuged to a pellet, rinsed with PBS, and re-suspended in PBS so that the concentration of cells is 1* 10 7 cells/mL. Fifteen microliters of the 1* 10 7 cells/mL was applied to the various microscope slides.
An Olympus BX50 fluorescent, DIC-equipped microscope equipped with SPOT software was used to image the tethered cells. Cell counts were obtained at a 400X magnification; the approximate imaging size was about 300 microns by 300 microns. Live and dead cells were both counted.
RESULTS

Characterization of Microscope Surfaces
The four microscope surfaces were characterized using a contact angle meter. Table 1 details the results. Briefly, chromic acid washed slides were used as a control because of the ease of their preparation. As one would expect, water placed onto a chromic acid washed slide did not bead up. Poly-L-Lysine slides are often used to mimic cell / protein interactions. Hypothetically the surface contains charged -NH 3 + moieties along with methylene (CH 2 ) units. Silane prep slides are more hydrobyobic, but still contain the ionizable -NH 2 group. Finally, Sigma-cote treated slides are very nonpolar, as indicated by the contact angle measurment. Sigma-cote is a mixture of short chain chlorosilanealkanes and is often used to render glass surfaces hydrophobic. Optimum Incubation and Temperature Conditions for Tethering Figure 1 shows the results of incubation time and temperature on tethered cell density for Poly-L-lysine slides. Incubation time refers to how long the cells were allowed to sit on the microscope slide prior to viewing. Temperature does not play a significant role in the tethering density. However, it was observed that at elevated temperatures (26.2 o C) be tethered cells were most likely to be dead. However, the living cells were more motile than at lower temperatures. Incubation time does play a role in how many cells are tethered to a surface. For simplicity, we choose ten minutes as the immobilization time. Similar results were obtained for chromic acid slides, Sigma-cote slides, and silane prep slides (data not shown).
Tethering Density on Different Surfaces
The different surfaces tethered the cells with a different density and observed characteristics. The chromic acid washed slides adhered the most cells, with 26 cells per field. In general, the cells tethered on the chromic acid had a variety of tethering orientations (flagellum tethered, cell body tethered, tip of flagellum and posterior end of cell body tethered, etc…). The silane slides also demonstrated no preference for tethering orientation, and 23 cells per field were immobilized. The Sigma coated slides and the poly-L-lysine adhered approximately 15 cells per field. Interestingly, the cells tethered to the Sigma-coated slides were able to crawl along the surface.
In future work, we plan to quantify the observed orientations of cells and compare log and stationary phase cells tethering density. thank Ms. Anna Westergard, Dr. Nathan Hutchings, and Dr. Andy Ludu for their encouragement and assistance.
